A Gram-stain-negative, rod-shaped, non-motile and red-pink-pigmented bacterial strain, designated B1909 T , was isolated from an ice core drilled from Muztagh Glacier on the Tibetan Plateau, China. A phylogenetic tree based on 16S rRNA gene sequences showed that strain B1909
The genus Hymenobacter, belonging to the family Cytophagaceae within the phylum Bacteroidetes, was first proposed by Hirsch et al. (1998) and the description was later amended by Buczolits et al. (2006) . Members of the genus are Gram-negative, rod-shaped, non-motile and redpigmented and have high DNA G+C contents (55-70 mol%) . At the time of writing, this genus comprises 36 species with validly published names. Species in the genus originate from a diversity of environments, such as Antarctic soils and sandstones (Hirsch et al., 1998) , deserts soils and sands (Zhang et al., 2007 , vegetated soils (Hoang et al., 2013) , grass soil Jin et al., 2014; Kim et al., 2008) , mountains (Han et al., 2014; Su et al., 2014) , glaciers (Chang et al., 2014; Klassen & Foght, 2011) , arid lands (Reddy & Garcia-Pichel, 2013) , uranium mine waste water (Chung et al., 2010) , estuarine water (Kang et al., 2013) , wetland freshwater (Baik et al., 2006; Kang et al., 2015) , freshwater sediment (Liu et al., 2015) and an artificial lake (Joung et al., 2011) .
The Tibetan Plateau contains the largest area of glaciers in the non-polar region (Yao et al., 2012) . Glaciers are intriguing habitats for studying microbial ecological and physiological characteristics (Zhang et al., 2010) due to the extreme environment with low nutrient concentration and temperatures. Investigation of glacial microbes might yield valuable information about the mechanisms for cold adaptation of microbial cells and the origin, evolution and limits of life on Earth. During a study of the microbial diversity of glaciers on the Tibetan Plateau, a strain forming red-pink-pigmented colonies on R2A agar, designated T and members of the genus Hymenobacter and related bacteria. Bootstrap percentages based on 1000 replications (>50 %) are shown. Flavobacterium aquatile ATCC 11947 T was used as the outgroup. Filled circles indicate that the corresponding nodes were recovered in the trees generated with the maximum-likelihood and maximum-parsimony algorithms. Bar, 0.02 substitutions per nucleotide position.
B1909
T , was isolated from an ice core at a depth of 160 m drilled from Muztagh Glacier (87.38 E 36.48 N, 5770 m above sea level). The strain was routinely incubated on R2A agar at 10 C for 7 days and was preserved in aqueous glycerol (20 %, w/v) for storage at À80 C.
The genomic DNA of strain B1909 T was extracted using a TIANamp Bacteria DNA Kit (DP302; Tiangen Biotech) according to the manufacturer's instructions. The purity and concentration of genomic DNA were assessed using a NanoDrop 2000 spectrophotometer (Thermo Scientific). The 16S rRNA gene of strain B1909
T was amplified with universal bacterial primers 27F/1492R (Embley, 1991) . To determine its approximate phylogenetic affiliation, a nearly full-length 16S rRNA gene sequence (1480 bp) of strain B1909
T was used for comparisons with those available sequences in the GenBank database using the BLAST program (NCBI) and the EzTaxon-e server (Kim et al., 2012) . 16S rRNA gene sequences were aligned using BioEdit software (Hall, 1999) . Phylogenetic trees were reconstructed by using the neighbour-joining, maximumparsimony and maximum-likelihood methods within the MEGA 6 software (Tamura et al., 2013) , and bootstrap values were calculated from 1000 replications. The 16S rRNA gene sequence similarities between strain B1909
T and the type strains of species of the genus Hymenobacter (90.11-96.16 %) were below the 97.0 % threshold, which was recommended for the discrimination of separate bacterial species (Stackebrandt & Goebel, 1994) . Based on phylogenetic data, strain B1909
T could thus represent a novel species within the genus Hymenobacter (Fig. 1 ). Strain B1909 T was related most closely to Hymenobacter xinjiangensis X2-1g T (96.16 % 16S rRNA gene sequence similarity), followed (Liu et al., 2015) . All strains are positive for catalase and oxidase activities, and negative for indole and H 2 S production, nitrate and nitrite reduction. Aesculin hydrolysis is positive for all strains, but none of the strains can hydrolyse arginine or urea. All strains show positive reactions for alkaline phosphatase, esterase lipase (C8), leucine arylamidase, valine arylamidase, cystine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase and N-acetyl-b-glucosaminidase activities, and negative reactions for a-chymotrypsin and b-glucuronidase activities. All strains are sensitive to chloramphenicol, gentamicin, erythromycin, tetracycline and vancomycin. All data were obtained from this study unless indicated otherwise. +, Positive; -, negative; S, sensitive; R, resistant. 
Ampicillin by Hymenobacter psychrotolerans Tibet-IIU11 T (95.99 %). Therefore, H. xinjiangensis X2-1g
T and H. psychrotolerans Tibet-IIU11
T were used as reference strains for subsequent comparisons under the authors' laboratory conditions. The Gram reaction was performed using a Gram stain kit (Difco) according to the manufacturer's instructions. Cell morphology was examined by phase-contrast microscopy (BX51; Olympus) and transmission electron microscopy (JEM-1230; JEOL) (Fig. S1 , available in the online Supplementary Matearial). Motility was assessed by the hangingdrop method. Catalase activity was determined from bubble production in 3 % (v/v) H 2 O 2 . Oxidase activity was determined using 1 % N,N,N',N'-tetramethyl-1,4-phenylenediamine (Oxidase Reagent; bioM erieux). Growth at different temperatures (0, 4, 10, 15, 20, 25, 30, 35, 40 C) was investigated in R2A broth for up to 7 days (growth at 0 C was maintained with an ice/water mixture, the other temperatures were sustained using a constant-temperature incubator). The pH range for growth was determined in R2A broth at 10 C at pH 4.0-11.0 (at intervals of 1.0 pH unit) by addition of buffer solutions (Na 2 HPO 4 /NaH 2 PO 4 for pH 4.0-7.0 and Na 2 CO 3 /NaHCO 3 for pH 8.0-11.0). The pH of the medium was checked after autoclaving. Salt tolerance was tested in the same liquid medium supplemented with 0, 1, 2, 3, 4, 5, 6, 7 and 8 % (w/v) NaCl at 10 C. API ZYM, API 20E and API 20NE strips were used according to the manufacturer's instructions (bioM erieux) to determine the physiological and enzyme activities of strain B1909
T and of the reference strains. Susceptibility of strain B1909
T and the reference strains to antibiotics was investigated on R2A agar by using discs containing the following antibiotics (µg per disc unless indicated): ampicillin (100), chloramphenicol (100), ciprofloxacin (5), clindamycin (2), erythromycin (15), gentamicin (10), neomycin (30), penicillin G (10 U), rifampicin (30), tetracycline (30) and vancomycin (30).
The genomic DNA G+C content of strain B1909
T was estimated from the midpoint value (T m ) of the thermal denaturation profile (Mandel et al., 1970) . Polar lipids were extracted and identified by two-dimensional TLC as described previously (Tindall, 1990) . Respiratory quinones were extracted from 100 mg of freeze-dried cells using the two-stage method described by Hiraishi et al. (1998) and analysed using reversed-phase HPLC. For analysis of cellular fatty acids, strain B1909
T and the reference strains were grown on R2A agar at 10 C, and cells from exponential phase growth (about 72 h of growth) were collected and used. Fatty acid methyl esters were extracted and prepared using the standard protocol of the Sherlock Microbial Identification System (MIDI, version 6.0). Fatty acid methyl esters were analysed by GC (model 6890; Agilent) with MIDI database Sherlock TSBA6 (Sasser, 1990) .
The morphological, physiological and biochemical characteristics of strain B1909 T are summarized in Table 1 and in the species description. Cells of strain B1909
T were Gramstain-negative, aerobic, non-motile and rod-shaped. Colonies were red-pink, circular, convex and smooth after growth for 7 days at 10 C on R2A agar. Growth occurred at 4-30 C (optimum, 10 C) and at pH 6-9 (optimum, pH 6). In terms of salt tolerance, growth only occurred in R2A (Liu et al., 2015) . All data were obtained from this study except for taxon 4 and 5. TR, Trace (<1.0 %); ND, no data. *Summed features represent two or more fatty acids that cannot be separated by GLC with the MIDI system. Summed feature 3 consists of C 16 : 1 !7c and/or C 16 : 1 !6c and summed feature 4 comprises iso-C 17 : 1 !6c I and/or anteiso B.
broth with no addition of NaCl. Strain B1909 T showed numerous phenotypic similarities to the reference species (Zhang et al., 2007 (Zhang et al., , 2008 Liu et al., 2015) . Yet the optimum temperature for growth, the activity of trypsin and a-galactosidase, and the ability to hydrolyse p-nitrophenol glucopyranoside all clearly differentiated strain B1909
T from related Hymenobacter species (Table 1) .
The DNA G+C content of strain B1909 T was 59 mol%, which is within the range reported for the genus Hymenobacter (55-70 mol%) (Buczolits et al., 2002; Su et al., 2014) . MK-7 was detected as the predominant menaquinone, which is consistent with other species of the genus Hymenobacter (Buczolits et al., 2002) . The major polar lipid of strain B1909
T was phosphatidylethanolamine (Fig. S2) . The presence of an unidentified aminolipid, unidentified lipid and five unidentified aminophospholipids distinguished strain B1909
T from its closest phylogenetic neighbour, H. xinjiangensis X2-1g T (Fig.  S2) . The fatty acid profile of strain B1909
T included iso-C 15 : 0 (22.5 %), summed feature 3 (C 16 : 1 !7c/C 16 : 1 !6c, 14.3 %), summed feature 4 (iso-C 17 : 1 !6c I/anteiso B, 14.1 %), C 16 : 1 !5c (11.8 %), anteiso-C 15 : 0 (7.7 %), iso-C 17 : 0 3-OH (7.5 %) and minor amounts of other fatty acids (<5 %) ( Table 2 ). The fatty acid composition of strain B1909
T was qualitatively similar to those of its reference closest neighbours in the genus Hymenobacter, although there were differences in the proportions of some fatty acids (Table 2) .
On the basis of the phenotypic and chemotaxonomic characteristics, combined with the results of phylogenetic investigations, strain B1909
T should be classified as representing a novel species of the genus Hymenobacter, for which the name Hymenobacter glacieicola sp. nov. is proposed.
Description of Hymenobacter glacieicola sp. nov.
Hymenobacter glacieicola [gla.ci.e.i¢co.la. L. fem. n. glacies ice; L. suff. -cola (from L. masc. n. incola) an inhabitant; N. L. masc. n. glacieicola inhabitant of ice].
Cells are Gram-stain-negative, non-motile, aerobic and rod-shaped (approximately 1.1 µm wide and 3.5 µm long) (Fig. S1 ). Colonies grown on R2A agar for 7 days at 10 C are circular, smooth, red-pink and 0.5-1.5 mm in diameter. Cells grow at 4-30 C and pH 6-9 with optimal growth at 10 C and pH 6. NaCl is not required for growth. Catalase and oxidase activities are positive. Indole and H 2 S are not produced. Nitrate and nitrite reduction are negative. Aesculin and gelatin are hydrolysed. According to API ZYM tests, alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase, a-galactosidase, a-glucosidase, b-glucosidase and N-acetyl-b-glucosaminidase activities are present but lipase (C14), a-chymotrypsin, b-galactosidase, b-glucuronidase, a-mannosidase and a-fucosidase activities are not detected. Sensitive to ampicillin, chloramphenicol, erythromycin, gentamicin, penicillin G, tetracycline and vancomycin, but resistant to ciprofloxacin, clindamycin, neomycin and rifampicin. The major polar lipid is phosphatidylethanolamine. The major respiratory quinone is menaquinone MK-7. The major fatty acids are iso-C 15 : 0 , summed feature 3 (C 16 : 1 !7c/C 16 : 1 !6c), summed feature 4 (iso-C 17 : 1 !6c I/anteiso B), C 16 : 1 !5c, anteiso-C 15 : 0 and iso-C 17 : 0 3-OH.
The type strain, B1909 T (=JCM 30596 T =CGMCC 1.12990 T ), was isolated from an ice core drilled from the Muztagh Glacier on the Tibetan Plateau, China. The DNA G+C content of the type strain is 59 mol%.
